Objective: This study is performed to evaluate the response rate, time to progression and safety of the combination chemotherapy with weekly paclitaxel plus cisplatin in advanced gastric and gastro-esophageal cancer. Methods: The paclitaxel 100 mg/m 2 was administered through a 1 h intravenous infusion on Days 1 and 8. The cisplatin 30 mg/m 2 was also administered along with a program of forced diuresis that included at least 2000 ml of fluids after the paclitaxel infusion over 30 min on Days 1 and 8. The chemotherapy was given every 21 days and continued until disease progression, patient refusal or an unacceptable toxicity up to nine cycles. Results: Forty-seven (95.9%) of the 49 patients were assessable for response. Two cases of complete response and 19 cases of partial response were confirmed, giving an overall response rate of 42.9% (95% CI, 29.0 -56.8%). The median time to progression and overall survival for all patients were 5.9 months (95% CI, 1.6 -9.1 months) and 11.2 months (95% CI, 6.1 -21.3 months). The most severe hematologic adverse event was neutropenia, which occurred with a Grade 3 intensity in 17.0% and Grade 4 in 4.3%. Grade 3 vomiting, peripheral neuropathy and elevated transaminase were observed in 4.3%, 4.3% and 2.1% of patients. Conclusions: Combination of weekly paclitaxel plus cisplatin is an active regimen with excellent tolerability as a first-line treatment of advanced gastric and gastro-esophageal cancer.
INTRODUCTION
Although the incidence of gastric carcinoma has fallen in most Western countries, it remains a significant problem in terms of global health and is the second most common cause of cancer mortality worldwide (1) . Gastric cancer is often diagnosed at a very advanced stage, with approximately half of all patients presenting with unresectable, locally advanced, or metastatic disease. Four randomized studies comparing best-supportive care with best-supportive care plus chemotherapy for advanced gastric cancer have shown that chemotherapy can improve survival and quality of life (2 -5). 5-Fluorouracil (5-FU) and/or cisplatin (CDDP)-based combination chemotherapy continues to be widely used, but the continuing lack of progress of chemotherapy for the treatment of gastric cancer has prompted the evaluations of new agents and/or combinations including taxanes, irinotecan, capecitabine, S-1 and others.
Paclitaxel (TXL), derived from the bark of the Pacific yew, Taxus brevifolia, is one of the most active anticancer drugs for the treatment of solid tumors, effectively blocking cancer cells in the G2/M phase through the inhibition of microtubular depolymerization (6, 7) . An administration schedule at doses of 175 -225 mg/m 2 intravenous infusion every 3 weeks has been widely accepted (8) . In addition, several Phase II studies have shown that paclitaxel, alone or in combination with cisplatin or 5-FU, is also active against advanced gastric cancer (9 -12). However, a relatively high incidence of Grade III or IV neutropenia (14 -35%) is one of the major adverse effects. Furthermore, recent clinical studies have demonstrated that weekly schedules of intravenous paclitaxel have promising antitumor activity with tolerable safety profiles for several types of solid tumors, including lung, breast and ovarian cancer (13 -15) . For example, Markman et al. (15) reported that weekly single agent paclitaxel achieved an objective response rate of 25% and only 1% of cycles were modified due to side effects in 53 patients with platinum/paclitaxel-refractory ovarian cancer. CDDP is an active chemotherapeutic agent against gastric cancer. Treatment regimens including CDDP have shown high response rates (16 -18) . CDDP has demonstrated synergism with a variety of cytotoxic drugs, and synergism between TXL and CDDP has been established and reported (19) (20) . TXL and CDDP have different modes of action and fewer overlapping toxicities than other combinations. The most widely used TXL þ CDDP regimen involves high-dose TXL (175 -200 mg/m 2 ) and CDDP (60 -75 mg/m 2 ) administered thrice-weekly. However, treatment is sometimes delayed by neurotoxicity and higher dose of CDDP is associated with higher neurotoxicity and more severe renal damage. Rosenberg et al. (21) performed a comparative study on TXL administration modalities in patients with ovarian cancer and reported that weekly administration of TXL is better than a thrice-weekly administration even though treatment effects are comparable, because the incidences of side effects are clearly lower for the weekly administration (particularly with respect to myelosuppression and peripheral neuropathy). In addition, Seidman et al. (14) conducted a Phase II clinical study in which TXL was administered weekly at 80 -120 mg/m 2 to patients with adriamycinresistant breast cancer and reported a response rate of 53% with high tolerability. Moreover, the weekly application of TXL 80 mg/m 2 as a 1 h infusion has been suggested to be associated with lower hematologic toxicity while capable of achieving a higher dose intensity than TXL administration at 175 mg/m 2 thrice-weekly (22) . These results show that the divided administration of TXL may reduce myelosuppression and neurotoxicity.
Based on these results, we conducted a multi-center Phase II trial of combination chemotherapy with weekly paclitaxel plus cisplatin to evaluate the response rate, time to progression (TTP) and safety of this regimen in advanced gastric and gastro-esophageal cancer.
PATIENTS AND METHODS

ELIGIBILITY CRITERIA
All the patients involved in the current study had histologically confirmed metastatic or recurrent gastric adenocarcinoma with at least one unidimensionally measurable lesion (i.e. a diameter of !1 cm, as assessed by spiral computed tomography). The patients were 18 -75 years of age with a performance status of 0 -2 on the Eastern Cooperative Oncology Group (ECOG) scale. Plus, adequate hematological (absolute neutrophil count !1.5 Â 10 9 /l, platelet count !100 Â 10 9 /l, hemoglobin !9 g/dl), renal (serum creatinine 1.5 mg/dl and creatinine clearance !50 ml/min) and hepatic (total bilirubin 2.0 mg/dl and serum transaminase level 3 times the upper limit of the normal range) levels were also required. Patients who had received adjuvant chemotherapy completed 4 weeks before entry were eligible. Patients were ineligible if they had previously received palliative chemotherapy or radiation therapy, or had other severe medical illnesses, CNS metastasis, another active malignancy or history of anaphylaxis to drugs. The Institutional Review Board of each author's institution approved the protocol, and written informed consent was obtained from all patients before enrollment.
STUDY TREATMENT
The paclitaxel (Fuwang w ; Yangtze River Pharm Co., Ltd, Jiangsu Province, People's Republic of China) 100 mg/m 2 was administered through a 1 h intravenous infusion on Days 1 and 8. The cisplatin 30 mg/m 2 was also administered along with a program of forced diuresis that included at least 2000 ml of fluids after the paclitaxel infusion over 30 min on Days 1 and 8. The chemotherapy was given every 21 days and continued until disease progression, patient refusal or an unacceptable toxicity up to nine cycles. As prophylactic agents, dexamethasone (iv, 20 mg), diphenhydramine ( po, 50 mg) and ranitidine hydrochloride (iv, 50 mg) were given 30 min before paclitaxel administration. All patients received adequate antiemetic therapy prior to chemotherapy. Granulocyte colony-stimulating factor was administered at physician's discretion or taking insurance status of the countries in considerations. Antiemetic treatment was routinely given before each cycle of chemotherapy.
DOSE MODIFICATION
The next course of treatment was only begun when the neutrophil count was !1.5 Â 10 9 /l, platelet count !100 Â 10 9 /l and any other treatment-related toxicities were less than or equal to Grade 1; otherwise, treatment was withheld for up to 2 weeks. If adverse events did not improve to Grade 0 or 1 after 2 weeks, the patients were excluded from the study.
Treatment was continued at the same dose if patients experienced Grade 1 toxicities or other toxicities considered by the investigator unlikely to become serious or lifethreatening (e.g. alopecia). For all other treatment-related adverse events with a Grade 2 intensity or higher, the dose modification scheme described below was implemented. The paclitaxel and cisplatin treatment on Day 8 was omitted in the presence of a Grade !3 hematological or 238
Multi-center Phase II trial of weekly TXL þ CDDP combination chemotherapy non-hematological toxicity, and the patient then reevaluated weekly until regressing to less than or equal to Grade 1. Missed doses of paclitaxel and cisplatin were not made up. The subsequent cycle of treatment was reduced by 20% doses of paclitaxel and cisplatin in the case of a repeated Grade 2 or any Grade 3 toxicity, and reduced by 40% in the case of a repeated Grade 3 or any Grade 4 toxicity during the preceding cycle. If a dose reduction of .40% was required, the patients were excluded from the study.
RESPONSE TO TREATMENT AND ADVERSE EFFECTS
Before entering the study, all patients received physical examination, and full blood count and serum chemistry analyses. Chest X-ray, ECG, upper gastrointestinal endoscopies, abdominal computer tomographic scans and other appropriate procedures were also performed. Patients were given a physical examination, a subjective/objective symptom evaluation and routine blood tests twice-weekly. Every 4 weeks, a biochemistry blood examination was added to this basal evaluation. After every two cycles of treatment, response was evaluated by two independent experts using RECIST criteria. Of the lesions observed prior to treatment, a maximum of 5 measurable lesions from each metastasized organ up to a total of 10 lesions were selected as target lesions. In cases of partial or complete response, a confirmative computer tomographic (CT) scan was performed 4 weeks later and this was followed by a CT scan after every two treatment cycles. Toxicity was reported using a National Cancer Institute-Common Toxicity Criteria (NCI-CTC) version 2.0 toxicity scale.
STATISTICAL ANALYSIS
The current trial used a two-stage optimal design, as proposed by Simon, with an 80% power to accept the hypothesis and 5% significance to reject the hypothesis (23) . Plus, the current trial was designed to detect a response rate of 40% when compared with a minimal, clinically meaningful response rate of 20%. Allowing for a follow-up loss rate of 10%, the total sample size was 48 patients with a measurable disease. All enrolled patients were included in the intention-to-treat analysis of efficacy. The duration of response, time to progression (TTP) and survival analyses were all estimated using the Kaplan-Meier method. The duration of response was defined as the interval from the onset of a complete response (CR) or partial response (PR) until evidence of disease progression was found. Meanwhile, the TTP was calculated from the initiation of chemotherapy to the date of disease progression, whereas overall survival was measured from the initiation of chemotherapy to the date of the last follow-up or death. The statistical data were obtained using an SPSS software package (SPSS 11.5 Inc., Chicago, IL, USA).
RESULTS
PATIENT CHARACTERISTICS
From June 2005 to July 2006, a total of 49 patients were enrolled in the current study from five centers. The characteristics of the patients are summarized in Table 1 . The median age was 54 (range, 21 -74) years, with 34 males and 15 females. Most of the patients (93.9%) had a good performance status (ECOG 0 or 1). Thirty-two (65.3%) patients had a metastatic disease, whereas 17 patients had a recurrent disease after surgical resection (total or subtotal gastrectomy) of the primary tumor. Distal lymph nodes, peritoneum and the liver were the most common sites of the metastases. No patients had received prior chemotherapy or radiotherapy. EFFICACY AND SURVIVAL Forty-seven (95.9%) of the 49 patients were assessable for response, of the two patients not assessable, one was lost to follow-up after the first cycle of the treatment and another died after the first cycle of unknown cause, although brain metastasis was suspected. All efficacy data are reported using the intent-to-treat patient population ( (Fig. 1) . The estimated median overall survival was 11.2 months (95% CI, 6.1 -21.3 months) (Fig. 1) . The estimate of overall survival at 12 months was 40.4% (95% CI, 26.4 -54.5%).
POST-STUDY TREATMENT
After disease progression, 26 patients (53.1%) received second-line chemotherapy: 16 patients received oxaliplatin/ leucovirin/5-FU (FOLFOX); 6 patients received irinotecan/ leucovirin/5-FU (FOLFIRI); and 4 patients received capecitabine (+cisplatin). Two patients (7.7%) achieved PR and 4 (15.4%) had stable disease in response to second-line chemotherapy, the median TTP was 1.7 months (95% CI ¼ 1.4 -2.0 months). Four patients (8.2%) received palliative radiotherapy, and one patient underwent total gastrectomy due to cancer bleeding.
TOXICITY
A total of 145 cycles were administered in 47 patients assessable for toxicity, with a median of 4 cycles per patient (range 1 -8 cycles). The occurrence and the incidence of the hematologic and non-hematologic toxicities are shown in Table 3 . The most severe hematologic adverse event was neutropenia, which occurred with Grade 3 intensity in 8 (17.0%) patients and Grade 4 in 2 (4.3%) patients.
Thrombocytopenia occurred with Grade 3 intensity in 1 (2.1%) patient. However, no Grade 4 thrombocytopenia was observed. Anorexia, nausea/vomiting and alopecia were the patients. Yet, no Grade 4 non-hematologic toxicity was observed. Six patients (12.2%) were hospitalized due to treatment toxicities (five due to infections and one due to general weakness); however, there were no treatment-related deaths during this study. Overall, 5 (10.2%) patients required a dose reduction of paclitaxel on Day 1, while dose omissions of paclitaxel on Day 8 were needed in 11 (7.6%) cycles. Also, a total of 21 (14.5%) cycles were delayed. The most common reasons for the dose modification of paclitaxel were neutropenia (4 patients, 11 cycles) and nausea (2 patients, 2 cycles). The mean dose intensity for the paclitaxel and cisplatin over all treatment cycles was 60.78 and 21.21 mg/m 2 /week, corresponding to 91.1% and 91.0% of the planned dose intensities, respectively.
DISCUSSION
In advanced gastric cancer, systemic chemotherapy has been tried as a palliative purpose, leading to improvement of tumor responses, quality of life and survival compared with best supportive care (2 -5). However, the standard chemotherapy has not yet been established. The continuing lack of substantial progress in the treatment of advanced gastric cancer, particularly in patients with poor performance status or compromised organ function, who are unlikely to tolerate potentially active but toxic regimens, has prompted investigators to evaluate new agents and/or drug combinations including docetaxel, paclitaxel and irinotecan (10, 11, 17, 24, 25) .
The aim of this study was to assess the efficacy and toxicity of weekly TXL þ CDDP combination treatment. Since the response rate for TXL was determined to be 23% during its development, the threshold efficacy rate was set at 20% for combination chemotherapy in this study. In addition, the expected efficacy rate for the combination chemotherapy was set at approximately 40%. This study confirms that the weekly TXL þ CDDP have favorable patterns of toxicity; we have proven the expected efficacy rate of TXL þ CDDP in this study. Its clinical objective response rate was 42.9% (95% CI, 29.0 -56.8%). The median TTP and overall survival for all patients were 5.9 months (95% CI, 1.6 -9.1 months) and 11.2 months (95% CI, 6.1 -21. (12, 26, 27) . However, treatment is sometimes delayed by neurotoxicity and higher dose of CDDP is associated with higher neurotoxicity and more severe renal damage. Lee et al. (28) performed a Phase II trial of low-dose paclitaxel (145 mg/m 2 ) and cisplatin (60 mg/m 2 ) in patients with advanced gastric cancer, and found the regimen of low-dose paclitaxel and cisplatin was active and well-tolerated in gastric cancer patients. Rosenberg et al. (21) performed a comparative study on TXL administration modalities in patients with ovarian cancer and reported that weekly administration of TXL is better than a thrice-weekly administration even though treatment effects are comparable, because the incidences of side effects are clearly lower for the weekly administration (particularly with respect to myelosuppression and peripheral neuropathy). In addition, Seidman et al. (14) conducted a Phase II clinical study in which TXL was administered weekly at 80 -120 mg/m 2 to patients with adriamycinresistant breast cancer and reported a response rate of 53% with high tolerability. Moreover, the weekly application of TXL 80 mg/m 2 as a 1 h infusion has been suggested to be associated with lower hematologic toxicity while capable of achieving a higher dose intensity than TXL administration at 175 mg/m 2 thrice-weekly. Four Phase II studies using bi-weekly TXL þ CDDP have been conducted and both reported a high response rate in esophageal cancer Table 4 . These results show that the divided administration of TXL may reduce myelosuppression and neurotoxicity.
Here, we conducted a multi-institutional cooperative Phase II study of a weekly regimen (weekly administration of TXL 100 mg/m 2 þ CDDP 30 mg/m 2 ), to assess the efficacy and toxicity of this regimen. The main toxicity of this regimen used in the present study was neutropenia. Hematologic toxicities consisted of neutropenia Grade 3 in 17.0% and Grade 4 in 4.3%, which is substantially lower than the previous reports (12,29 -33) . Although the incidence of neutropenia in this study was found to be similar with higher dose TXL and CDDP regimen (26) , or higher than previous reports of advanced gastric cancer (27, 28) (Table 4 ). In the current study, the combination chemotherapy of weekly paclitaxel and cisplatin, which can be administered on an outpatient basis, produced active antitumor activity and a safe toxicity profile in patients with advanced gastric and gastro-esophageal cancer.
We conclude that the combination of weekly paclitaxel plus cisplatin is an active regimen with excellent tolerability as a first-line treatment of advanced gastric and gastroesophageal cancer. Although it was an active regimen with excellent tolerability, further trials are needed to determine whether it can be achieved in elderly patients or those in poor condition. RR, response rate; TTP, median time to progression; OS, median overall survival; P, paclitaxel; C, cisplatin; G-CSF, human granulocyte colony-stimulating factor; OC, esophagus cancer; GOC, gastro-esophageal junction cancer; AGC, advanced gastric cancer; AGOC, advanced gastro-esophageal junction cancer. a Median response duration was presented.
